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a. ..EPITAXIAL DEFECT- FREE REGION a, 

b. .-EPITAXIAL DEFECT-FREE REGION a 2 
C...EPITAXIAL DEFECT REGION fi x 

d. . EPITAXIAL DEFECT REGION 0 t 

e. -.BORON CONCENTRATION (ATOMS/CM 3 ) 

f. ..G IS SMALL 

g. ..G IS LARGE 

h. .. TEMPERATURE GRADIENT (G) IN CRYSTAL AXIS DIRECTION NEAR SOLID-LIQUID INTERFACE 
IMPOSITION (R/R) IN RADIAL DIRECTION NORMALIZED BY CRYSTAL RADIUS (R) 

J. ..DISTRIBUTION OF G IN RADIAL DIRECTION NEAR SOLID-LIQUID INTERFACE 
k...A: G IS LAGER IN CRYSTAL PERIPHERY THAN IN CRYSTAL CENTER 
L..B: G IS SMALLER IN CRYSTAL PERIPHERY THAN IN CRYSTAL CENTER 

10...SILICON CRYSTAL 

10c... CRYSTAL CENTER 

10e... CRYSTAL PERIPHERY (EDGE) 

L r ..SOLID-LlQUID INTERFACE (ISOTHERM OF MELTING POINT OF 1412 °C) 
5...MELT 
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(57) Abstract: A method for 
producing a silicon crystal wherein 
the boron concentration in the 
silicon crystal and the growth 
condition V/G are controlled so 
that the boron concentration in the 
silicon crystal is not less than 1 
x 10 18 atoms/cm 3 and the growth 
condition V/G falls within the 
epitaxial defect-free region Of 2 
whose lower limit line LN1 is the 
line indicating that the growth rate 
V gradually drops as the boron 
concentration increases. A method 
for producing a silicon wafer 
wherein the boron concentration in 
the silicon crystal and the growth 
condition V/G are controlled so 
that the growth condition V/G falls 
within at least the epitaxial defect 
region 1, and the heat treatment 
condition of the silicon crystal 
and the oxygen concentration in 
the silicon crystal are controlled 
so that no OSF nucleis grow to 
OSFs. A method for producing a 
silicon crystal wherein the boron 
concentration in the silicon crystal 
and the growth condition V/G are 
controlled so that they fall in the 
vicinity of the lower limit line LN3 
within the epitaxial defect-free 
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&«B««a2©±|RLN2 (^.tf^R5^/3l©TK) Jc3£"3^ S^Mffi^lRlSm^ 
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^ mmmi5faMmftmGifi*%\,\j3<D%gm*ihi o c (b c ) £03 (a) 

^bT03 (b)X?J>A*7?yhKi7&'3&tl&i5:'3&Z>te¥, -^*D^a 

*^Ac-^a^Ae©^gr/R^43^s^aift^i^?ag^jiBG§^-K:-r^y: 

03 (a) (C^»5«Bfi^^^«KBAc-Ae*/^$<r*^fc^ 
££o 1*1^11303 (b) T-^-r >B£:7^y h«c3fi"^»n«3er3itSSifx ^f) 
Mil B c~?j5gli$$ B eCD&fam r /R fc: & it 3 * l*J*aft£j@B G £ ±£— t f 
ti«r*SJf. 03 (a) C*»S»^fKH«CD«HSBcr-Bc*/J^<-rS£i: 

££T-*ga$ft#lM3?5JlBGfci:. 03 (c) ©«ta^@^#®*±t:i£!i©^tc: 

*zx*m$&nx^ mmmm^^^w^i-r^um^n^, maw* 

ia»ft^iBG3&«*9— C$n«* £*UU;t>ei3 (a) +©§!Bi^#^<D$£«IAc 
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#««©«4iAc'-Ae*«/h^<ftSi:x H*TiB!©SeSSKl 0 e (Ae) ^3it! 

#-csao i^i«icei3 (a) #T*mmz{*mmommBe-~BcM\$ m 

*±WO&&ffil Oe (Be) &mtt&faffl&a2<D±f&Lll 2&m%.X\s$L\,>x- 

zo&sttmmmte&tiK. 02 (b) ©@«fcra«3g^«#K&»t3: 

(ff£3©g!Bg:£aO 

o§fc@«lsi®*±fci£b©^«fc^atHfii©M^jt:ov>TSiflli-r*o 

ztuzz bums &<omwLmfii!zm\-rz>mm.ifimj3UL, mm^m-fr 
jga^oi 0 ca^^a^i 0 e©p^m^i^^;i/j^Tfc±&— ti^tL^o 
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M5 (b) iM^2 0 Omm0S/i;3>ISIl 0 £§[£±tf Sfc:|&bTJSi§a5Lt 

(b) 0«ttJ±gi±i^jevT*i)ift«ittH*#®©*i«* mm*) xcen-e 

BttM4>'bffi£ (SStH*) Xcen#£©<ii©£t@^#®«Tfc:£it&£o 
!WB#iiMSS (glffiS) Xcenfci®5 (a) T'5£«£:ft3o 

13 5 (b) fc^TS/R2 6 liS/ U 3 >|&a 1 0 ©HIfetiSa;2*s 2 6 rpm®| 
^*a*U S/R3 0 U 3 >*S« 1 0 ©H]iifcg&a>2# 3 OrpmCi^U 
H3 0tt^iRffi8©T«fc»**lB5 afc©BB»©^y^H*s3 OmmfflS 
1§r£^U H5 OI4^tf7H^5 Omm©l^fxbt^§o fc£b8»fcWRI 

(»5©»Bfc5r$S) 

«t> d fc©^ & 3 (D®mma> 1 &mi b-t *> «t i\, 
ia 6 te&m soS3o m«&o> i £ «t o r <D&mttifimiT %> z-t&m 

(S£fcB») XcenT-fe^o fcfl* b§l±fcfj*ftfc* 1 . 5 mm/m i n"C$>^ 

z®m 6 ©»$g#arcfck $ i ©«3&&8c"cs/ n >f£n, i o sasarrs tKib 
^> u n >j^a i o *<Dm.mmm% 12.5 atoms/c m^&rr^mfsi-r^mmifim. 

ssi©iea^rac-ctt. ^2 (b) \c^-t^{zw^^mmKifim^xmmm 
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^3t-> 'J n >$gH 1 0 *©^t$t^£ 12.5 atoms/ c m 3 WT^W-r^0IiaiI 
(fg 7 ©iSB£&80 

i©m7©^^T-(±> BI2 (a) lz@mT%&5lz. x\Z&mttk/3l*'J> 

^ t^Rg^/? l t;^Wg«« a l i: £ * fetfl.^ x £&H&««0 l fcfe 

M CSfl 7 ©»$££$£-£ ItOSFTOSF CiSft b^iat^^ >^H 

1 0 4»©^ift«K#ft.i0|l&*i3 i: U n /\3bRK:*Waa36sft|^ii 

. o s Fi§ o s f ^m^<t^^^tc^(DmmmmtmmM(D^^y^m 

1 ) ^> U n >$SH 1 0 4>©RJK«£& 12.5 atoms/ c m 8 WTfc<WIRU 4£M b 

fe0 2 ^XSHmT (Dry 0 2 ) T-1000 °C x 16 ^©tSWBliSSJfrro 

2) S/»;3>tt»l 0*<Dmkm&% 1 1 atoms/ cm 3 KTUMIRU fc>*:0 2 

# ^sfflMT(wet o 2 )t-65o °c x 3 mm+ iioo °c x 2mm<Dmm*m?o 

3) U n 1 0 *©K3R«Jft* 1 latoms/cm 3 WT^JRBU *6*fcbfc 

0 2 ^Xfffl^T (Dry 0 2 ) T-650 °C x 3 l$ffl+ 1000 °C x 16 BS^©^ 

w±©<kd^mmsi:^s©^ftT-> u n >mm 1 o ^©^m^^w 
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F^#0 S F fcV^&R&fcjfcgbT^t^Pfefc bt^K^^3/^;««JBTKffi 
%ofci:UT^ 0SF®B©3il^Pfe#fB£b&l>o £©fc#>EI2 (a) ©£5 
(&8©SBB:#iS) 

p&HB (COP) ©IMX^ »M<^5ii:^IU Es^M©^**^* 
;i/-> i-yx^M^bfe £ gfct:nli&|%««a lOTIE^ >f > L N 3 *>M 

(IS 9 ©K»#tt) 

^©^9 ©ssBe^Tttx a§ 8 ©«afc&«-e u 3 >mm 1 0 smtsc^ b 
r> > u =1 1 0 *<Dmmm&* 12.5 atoms/c m*&LTiz®m-r%>ftm&fe 

is 8 ©asBfi^is-ctt^ m.]mkftmm&m^ vx.mm.rn « 1 f*i tci&i; 3 ^ ^ & b&$i 

£bWSo b^b^fc«t^-r»^i^{^^^K:bT^^Pi5^/?ifc:S 
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*WJ3>JSS1 OPfiCD^^S^ 1 2. 5aioms/cmH;*Tfcf«r3$J^ 
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^^MlS^T♦feoT^^ , ;r3>^4 I ©^D>'^iJg* s l x 1 0 1 "atoms/ cm 3 m± 

-r> (lni) hTzmx-vxmmm (<*2) wca^j;^, 

buIB^ U 3 > £ 3i — /\S^©±lz J. If # 3=- ^> * ;W$^J1 &Mf&T &^\Z#3r*s 

2 . m&> u ^ vissssajfixjeT?^ ^> u >j&a©$fl;£ip]?ae£JiEG#*g 

$/y:3>j&a©iitt:£flM!ie^iBG£^ 

*4*a fc-r zw&SkDV&m 2 la*©^ >; n > 31— j\<Dm&J5%ko 
5. WB5"j3>ii«»is-efc ^ya^isaOTi^fcffen^^un 

zmm-rz utcj:ot^>'j3 >iga©tt*iRi'?ae^iEGsisea4»^*»&«§a4B 
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6 . tmis U =i ^KiSSSJiXjg-Cfc > U n V^ll*©^^* 5 12.5 
atoms/c m 3 OT^JH^H€) £ £ 

7 . bubB-> y n v^HM^x^-r! Bu y 3 Vfga*©^!^* 5 12.5 
atoms/ c m 3 WT fcffilHW* tt* £ 

*afc£©*BB 2 aa«8©-> y n^^x-^oiism 

8. i>y ^V^-ZN^fcT-OSF (BfcS$@Rji£tl%) imtem*** 

£JU) fcf&lflrrafcfcfcfcx O S F«tfO S F tI4ftbft^«t 5 fc^> 'J 3 

(omsma&frt.S' v 3 i: *«!HW-r s ^ 

Pfefcfc£«&:£t^R&^ (ai) rt©TK^-f > (LN3) 

■J 3 y^ H B H ^©#D >Igh^#V/G (V:fifc«3fflftx G : *ga©tttffl*lfi 

H&iB^ y n visa** x— nafeR*«at-r%^ y ^v^i-ais 

Huf3-> y n >>>x-;\S1g0±^ 2 #mWT©»K©:*£*^*W&M& 

i o . buIbs/ y n >*gasBiuns-ci± % y ^ v^n*©^*!^* 5 12.5 

atoms/c m 3 £TFfc:M®l£:ft& £ 

&^£-r zm&m 9 13^© ^ y =3 > t> x-Acm^a, 
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